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@ Popsat vliv dedichostt na odpoved
organismu na ruzné latky s vyuzitim
Interdisciplinarniho pristupu

@ Farmakogenomika

@ Farmakodynamika:. popisuje zadouci Ci
nezadouci ucinky Iéku na organismus

(lek— organismus)

@ Farmakokinetika: se zabyva hladinami
léku a jeho metabolitu v ruznych tkanich a
vstfebavanim Iéku, jejich  distribuci,
metabolismem a eliminaci

(organismus — |ék)
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Klinicky potencial farmakogenetiky
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Farmakodynamika

# Efekt kompetitivni

(guanetidin + efedrin)

® Efekt aditivni

(IMAO a tricyklicka antidepresiva)
# Efekt antagonisticky
(salbutamol + betablokatory)




Farmokodynamika x farmakogenomika

® Ruzna odpovéd pacientu téze
populacni skupiny na tentyz lek

® Ruzna odpovéd pacientu na
kombinace tychz Iéku

® Geneticky determinovana
precitlivélost na danou latku




Farmakokinetika

@ Absorpce (GIT, motilita?, pH zaludecni
sekrece?, intestinalni fléra?, misto
absorpce)

@ Distribuce (frakce léCiva vazana na
bilkoviny séra, afinita jednotlivych lecCiv k
BS — fenylbutazon-warfarin)

@ Metabolismus (indukce, inhibice
metabolizujicich enzymu... rifampicin-oralni
kontraceptiva)

@ Eliminace (pH moci, lithium-thiazidy)




Farmakokinetika x farmakogenomika

® Rozdilné hladiny |Iéku v séru pacientu
teze skupiny, vahy, atd. po podani
stejne davky

® Rychlejsi x pomalejsi nastup ucinku

¥ Ruzna doba eliminace léc¢iva z
organismu

® Interakce (alkohol, tabak, barbituraty)




Rizikovi pacienti z hlediska IéCby

Astma
Kardiopathie
Diabetes
Epilepsie
Glaukom
Hepatopatie
Nefropatie
Digitalizace

Psychotropni latky v abuzu




Farmakogenetika a vyvoj |éku

@ Nutnost presne diagnézy (k fenotypicky
podobnym stavum mohou vést ruzné
patobiochemické mechanismy).

® Individualni odpoved jedince na terapii
muze zalezet na genech, vstupujicich do
iInterakce s metabolismem leku nebo jeho
pusobenim.

® Polovina vSech dosud pouzivanych léku
je metabolizovana enzymy P450.




P450

B CYP3A4 — 50% metabolizovanych
léku

B CYP2D6 - 20%

BCYP2D9O + CYP2D19- 15 %

B CYP2D6, CYP2D9, CYP2D19 a
CYP2A6 byly prokazany jako funkéne
polymorfni




Priklady receptoru signalnich molekul

8 G-protein coupled receptors:

® B-1 a B-2 adrenergni receptory

#@ Receptor pro cholecystokinin 2 (CCK2)

® mi opioidni receptor

@ U téchto receptoru byly prokazany polymorfismy,
které ovlivauji afinitu ligandu. Je tedy mozno
navrhovat podle potreb takové ligandy, ktere
respektuji (individualni terapie) nebo naopak
nerespektuji (univerzalni pouziti leku) tuto
variabilitu.

@ Je také mozno navrhovat takove ligandy, které se

vazou pouze na mutované varianty genu a
Inaktivuji je (genova terapie)
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Klinicky relevantni genetické polymorfismy
ve vztahu k uéinnosti Iéku

" Disease Treztment

Comment

M3 AML all frans retinoic acid

Cilioma carmmstime, RUMNL]
Asthma S5-lipoxygenase inhibitors
B: adrenergic agents

Demession  imipramine

Patients w.th PLZF/RARA
fusion are 1ot resporsive to
etinoics

Cnly fmors with Cply
methylat.on of  the
promoter  of the 0°-
methylguanine-DvA-
methyltransferase pEne
espond 10 meatment with
alkylating substances,
ALOXS piomoler geno-
type influences response o
treatmen®: individvals with
wo non-wid type alleles
show no response to 5-LLOH
inhibitors,

Glyl6 allele of B; adren
ergic Ieceplcr 15 assocl-
ated with much stronger
Tromchodi lator desensitisa-
lion 1an A0,

Fast metabolisers do no
each therapentic diug lev-
els with normal coszge.

[4]

[22]

[23]

[21]

[19]




Klinicky relevantni genetické polymorfismy ve vztahu k vedlejSim
ucinkum léku

Gene’ [ Polymorphism Mincr allele frequency”  Drug(s) Genetic association Refs
g metaholizing enzymes
TPMT Multiple 03% of Caucasian popu- Thiopurines Hemartological toxicities [19-22
latior: camy two nonfune-
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CYE2D6 Mulfiple 1-2% of Asians and MNomeorows cardiovescular Erhanced drug offect and  [19,23-25]
African descent and 6-8%  diugs, antidepressams  increased toxicity
of Cancesians camy two antpsychotics Codeine
noncunctional elleles
Deciease] diug eMcacy [26G.27]
TYP2TG *7 {Arp144Tys) 002010 Warfarin Tnereased bleeding risk . de-  [28-30]
creasad dose requirements
+3 (Tle359Len) 0.02-0,08
Drng Transporier
ABCE! 3435C T (Iel1451c) 0.10-0,50 Mumereuws, ineluding an-  Differences in plasma dg  [2,31-534]
ticorvulsants, protease in-  concentration and etficacy
hibitors, digesin and olhers
Drng-targets or pharmacnlogical response proteing
ADRE? Ser49Gly 0.15-0,30 B-tlockers Blood pressure lowesing by [35.36]
p-blcckers
Arg389GLy (.25-047
ADRE2 Argl6Gly 041 054 B agonists Bronchedilation and car [37.38]
diovascular responses to f-
agonists
GInZ7CGIa OU7-035
DRD3 Se1Gly 0,50-0,70 Auivsyclnotios Differentinl autipsyclotic  [39-41]
efficacy,  antipsychotic-
induced tardive dysiinesia
and acute akathisia
ADD Glyda0Trp 0.06-0,50 Diurztics Differential antihyperten- [42-44]
sive response and differ
ences in cegree of reduc-
tion in misk for myocardial
infarction and stroke in hy-
lensives
GNE3 C§257 (creates splice van- 032-0.76 Diursties, antidepressants ~ Differential drug efficacy  [45,46]
ant
APOE €2 Cys130 and Cys176 0.04 016 Tacrme, siating Differential drug efficacy  [47 47]
£3 Cysl30and Argl7e 060055
¢4 Arg130and Arg176  0.05-0.28
K5 ArgS06(iIn (Hactor ¥ Lei-  Abseat 1o 0.04 Estrogen, omal contracep- Increased venows thiom-  [S0.57]
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Hodnoceni vyznamu genetickych faktoru u
multigennich nemoci- 10 otazek

Jak dulezité jsou genetické vlivy i nej¢astéjSich forem
multigennich nemoci?
Jaky je vliv prostredi na vznik nemoci?

Ktere jsou nejslibnejsi pristupy k determinaci genetickych
faktoru pro nemoc?

Které geny jiz byly vybrany jako vnimavé?

Ktere cesty prispivaji ke genetické vnimavosti pro danou
nemoc?

Jak mnoho genu se podili na vhimavosti k nemoci?

Jsou nejCastéjsi formy multigenni nemoci asociovany s
Castou nebo vzacnou genetickou variabilitou v populaci?
(hypotéza cCasta variace/Casta nemoc vs. geneticky
heterogenni model)

Proc alely, které jsou asociovany s nemoci, nebyly z
populace eliminovany?

Jako dulezité jsou pro danou nemoc interakce geny-
prostredi a geny-geny?

Jaké jsou dusledky pro farmakogenetiku?




Geny prispivajici k vnimavosti ke kardiovaskularnim nemocem

GENES LUMEMN - INTIMA MEDIA
Endothelial T e
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Genetické a environmentalni rizikoveé faktory pro nemoc
koronarnich tepen

“Risk factors with a significant genetic component (heritability™)
Myocardial infarction (259%—605:)
Total cholesterol (A0%—60%:)
High-density lipoprotein cholesterol (45%-75%)
Total miglycerides (40%:—80%:)
Body mass index (25%—605)
Systolic blood pressure (S08:—7085)
Diastolic blood pressure (509%-65%)
Lipoprotein [a] levels (90%)
Homocysteine levels (4595)
Type 2 diabetes (40%-30%)
Fibrinogen (209509
C-reactive protein
Gender
Age
Environmental risk factors

Smoking

Diet

Exeicise
Infection

Fetal environment




Kandidatni geny - asociace

Bls intermedialnim fenotypem

@is klinickou manifestaci
nemoci

@'s klinickou zavaznosti nemoci
@ls odpovidavosti nemoci na

ry v

lecbu




Zdravi ¢esti dobrovolnici stfedniho véku (41-50 let)
Polymorfismus -596 A/G v genu pro IL-6

Srdecni frekvence I
Pg=0,006
Pa=0,01
[
AA AG GG
Osoby s HR < 78/min (99) 28 51 21
Subjekty s HR > 78/min (71) 8 62 30

@ Osoby s HR < 78/min (99) @ Subjekty s HR > 78/min (71)

Genotypy AG+GG uvedeného polymorfismu jsou ¢astéjsi u
jedinct s vys$si srdec¢ni frekvenci (OR=4,27, 95% Kl 1,66-10,98,
P=0,0009). Vasku A et al. Physiol Res 2003

_




Chronické srdeéni selhani
Asociovany genotyp 8002 G/A a -3A/-4A EDN-1

Big endotelin 5
/ \ I \e)
0 \
40 I _ [ Big endotelin < 0,7 pmol/L
30 ] (19)

20 ’_H _‘ 0 Big endotelin > 0,7 pmoll
10 [ 84)

X XX OF W W oF W W
XX W XX W 0¥ X W

Asociovany genotyp AG3A4A nese 5x vyssi OR
pro chronické srdecni selhani ve skupiné

s nizkou hladinou big endotelinu oproti skupiné
pacientu s vysokou hladinou:

OR = 5,38;

95% Kl = 1,75-16,58; Vasku A et al. Experimental and Molecular Patholc
P= 0,005 73: 230-233, 2002




Chronické srdeéni selhani
Polymorfismus -790T/G v genu pro MMP-2
Celkovy cholesterol

100
Pg=0,03
50 | Pa=0,01
1
O TT TG GG
Muzis CHF, TC<5 30 34 36
mmol/l (58)
Muzis CHF, TC> 5 10 40 50
mmol/l (58)

E Muzis CHF, TC < 5 mmol/l (68)
B Muzis CHF, TC > 5 mmol/l (68)

Genotypy TG + GG prinaseji 3,59x vyssi OR pro muze s CHF a vyssi
hladinou celkového cholesterolu: OR=3,59; 95% KI 1,30-9,93; P=0,009

Vasku A et al. Clin Chem Lab Med 41:1299-1304, 2003




GENOVA TERAPIE U KARDIOVASKULARNICH CHOROB

GENE THERAPY FOR HYPERTENSION AND
ITS VASCULAR COMPLICATIONS

=

Systemic treatment to Local molecular therapeutics to
lower BP reverse vascular complications
Vasodilator Vasoconstrictor Vasodilator & Genes for inducing
genes genes antioxidant genes angiogenesis
Insertion of Antisense Insertion of Insertion of
gene copies inhibition gene coples gene copies
Plasmid Viral Antisense Antisense Viral Plasmid Viral
DNA  vectors oligos  DNAin vectors DNA vectors

viral vector




Geny odlisujici ALL od AML
A

— S

B

=F.0 =7 L = a5 1
rommalized Exprossion

Cemyt {LIZZ3ATEH0

Errostcm b ovaine boagen o M5S0 0 T

P E—E Ui Sy

Clycdin Urd {SEa 2357

Bfyosin Ligha choain (51210
HhAprslS (M FdIaz]

SRFEFZ (251 560

B T-1 (SSI2IE0

[ St W R e |

TmacSucible: gorericims (1 877 L9,
EFymsin Bigha chialn 1P A20445
Tirperscanerass I H i#Z1L51150

TR T {31 554505

THANELS 0 S desi)

o el = e e e S e e asoe (RMS9IES3T)
SETD (BRI E TG

L RS T ey TS0 | b
SRS o LT sy

BACTSAES C(IAEOTH )

ey hiyaas e synrhimse ) L2020
Cho 18 oA S RS

Eabhagiin-5 | FiS12]

Floterce brcanalis prisbcazn 25 JIFES545 10
I =T secogrioe | SR U

S el Does A S CPGE IR0

o s A e D e e e o Pl S5 05000
Farwim g MR T IEY

BT 4 5'_-'.-'-1'1#‘.5._' CLESO1 560
ES s iPlEcdlSse

lov S (RIEETST

333 B3 0GT)

Actpesin FREES I
Lerein receptor € 5 F 267000
Cloyemmlim A BT THTL0
Frocogglycam 028 e
T -F uroecieE=cir f S LEI7ETI
Sy oo (RAMEEEA D
a2 EAETS1 )

LIS MRS

B ] A O HE S

ST PE e | BLSR2IET

I8 -5 g IH T =
Claalheprecin I JBESTE RN
ocion (ASTV LGS

Lo ISR B e B D R

Cxl Lo i AETAE

FEp T {xE511r0

B ymayrrme ¢ P 3 Sy
Froroercdin { RESS32
el aase o HOC=INS)




Metody k analyze farmakologicky relevantnich znaku

harmacologic  Pharmacokimetic studies

Clinical studies

Biochemical  Enayme activity, receptor
function, or fransporker
function deferminations

Genetic SNI' analysis

Sequence analysis

Expression profiling

True assessment of drug and/or metabolite concentration: not easible
in routing clinical seting,

Overall assessment of efficacy andtoxicity: usually necessry toeval-
uate relevance of genetic polymorphisms: not suited for individual
patients

Direct assessment of function of the gene product

[ast and simple analysis; mterpretation requires knowledge of the
functional effects of SNP: may miss mutations with effect on gene
fnction (i, potenially low semsitivity),

Provides infomnation on the complete exonic sequence and splice
jumctions; time consumiing may detect inelevant polymorphisms (¢,
Low specifiity)

Potentially provides information on genetic predisposifions; cur
rently no dafa base avaulable: probably most relevant for turget genes

and subsequent signl cascades: may pemit & direct assessmient of
drug effects




Validita enzymové aktivity ve srovnani
s genetickym vySetfenim

Enyzme activity Gene fest (detection of e most commen mutations)

Advantages  Folentially defects all de- Fastand simple
fects (ie, 100% sensifiv-
i),

Disadvanfages Tmzconsiming  (REC  Sensitivity limited
preparation, emzyme reac- (approxmately — 73%),
tion, produet defection). mnalysis of the comphee
curently mot automated:  gere is fime consuming
tequires experience; false  anc expensive,
negifive tesulf after blood

transfusion,




Analyza SNP

@ HmMotnostni
spektrometrie

®Fluorescencni metody




SeeSNP Discovery
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High-throughput tools for studying
gene variation in human populations

o = =

Automated capillary
DNA sequencers

DNA chips
MALDI-TOF Mass Spectometry




MALDI-TOF MS

(Matrix Assisted Laser Desorption/lonization-Time Of Flight Mass Spectrometry)

DNA separated by Molecular Masses

Digitizer

Acceleration Region Drift Region Detector




Dekuji za pozornost

® Vasku.Julie@seznam.cz
® Avasku@med.muni.cz




